Abstract In recent years, there has been an ever growing interest in finding new natural sources of food antioxidants. As a main fruit crop, olive is also valued due to its phenoliccontaining leaves. Mathematically based optimization methods are used as powerful tools to extract different antioxidant compounds. The present study is aimed to provide an efficient extraction method for total phenol content (TPC), total flavonoid content (TFC) and antioxidant ability (DPPH scavenging assay and FRAP). The effects of ultrasonic temperature (35-65°C), ultrasonic time (5-15 min), and ethanol to water ratio (Et: W) (25-75%) were evaluated. Second-order polynomial models were used through a rotatable Box-Behnken design (BBD) consisting of 15 experimental runs with three replicates at the center point. Interactional effects of the studied factors were significant in most cases for all responses. The highest extraction efficiency was found to be fifty-one percent of ethanol (65°C, 15 min) to water ratio. Under optimal conditions, values for TPC, TFC, DPPHsc and FRAP assay were 183.4 (mg GAE. g -1 DW), 696.77 (mg Quercetin. g -1 DW), 78.98 (DPPHsc %) and
Introduction
Phenolic compounds are ubiquitous secondary metabolites and are important determinants of the sensory and nutritional quality of plants (Ignat et al. 2011) . Moreover, phenolic compounds can play an important role in virtually any interaction a plant can have with its environment, biotic or abiotic (Niknam and Ebrahimzadeh 2002) . Recently, plant origin byproducts with abundant sources of these compounds are attracting worldwide interest. Olive (Olea europaea) is one of the valuable fruits not only widely considered for its alimentary use as fruit but also is important for phenolic-containing leaves (Ö zcan and Matthäus 2017) . Olives are consumed as a natural source for extracting compounds having functional values such as bio-phenolic compounds (Ghanbari et al. 2012) . In recent decades, olive leaves have been used in medicine, cosmetics, and in pharmaceutical products (Erbay and Icier 2010) . The multifunctional capacity of the leaves allows the extraction process to be more effective with regard to the antioxidant properties.
Because of containing natural antioxidants and broadspectrum of antimicrobial oleuropein and its derivatives, olive leaves are also used in jam-packed with plant antioxidants (Jemai et al. 2008) . The extraction process has a dramatic effect on final concentrations of extracted compounds. Therefore, optimization of its extraction procedure is very important. Optimization of various extraction parameters such as time, temperature, solvent composition, solid/liquid ratio and their interactions are important in recovering phenolic compounds (Ilaiyaraja et al. 2015) .
In optimization related works, conventional methods can be very time-consuming. When interactions exist among the variables, it is less likely to find a true optimum condition. RSM has been used to optimize many phytochemicals, which was first introduced by Box and Wilson (Box and Wilson 1951) . RSM can be effectively employed to evaluate the effects of multiple factors and their interactions on one or more responses (Myers and Montgomery 2003) . The advantage of RSM is the reduced number of experimental trials. Thus, it is widely used in the optimization of parameters in the extraction of some compounds, such as polysaccharides (Chen et al. 2015a) , phenolic compounds (Fattahi and Rahimi 2016; Ilaiyaraja et al. 2015) , and carotenoids from different plant materials.
Ultrasonic treatment has been employed to extract phenolic compounds from different plant materials in recent years (Chen et al. 2015b ; Lee et al. 2013) . Highefficiency responses by ultrasonic treatment are mainly attributed to its mechanical effects, which greatly facilitate mass transfer between immiscible phases through a super agitation (Vinatoru et al. 1997) . The advantages of ultrasonic treatments are a shear wave, micro-jetting, and micro-streaming (Chandrapala and Leong 2015) . Optimization of ultrasound-assisted extraction of olive leaf has been studied by extraction parameters including solid/solvent ratio, time and ethanol concentration (Ş ahin and Ş amlı 2013). However, temperature was not included in their study. In the present study, we decided to optimize another extraction method in order to shorten the time and reduce the consumption of energy which are the most important restricting factors in industrial procedures. In all extraction processes, shorter extraction times reduced organic solvent consumption, and energy and cost saving are the main tasks pursued (Chemat et al. 2017) . Moreover, the aim of this study was to determine the optimum conditions for individual and simultaneous determination of TPC, TFC and antioxidants from olive leaves. We tried to optimize the conditions for obtaining maximum yield of polyphenols, total flavonoids and antioxidants using RSM.
Materials and methods

Plant material
Olive leaves (Olea europaea cv. Koroneiki) were harvested from the cultivars grown at Tarom Olive Research Station located in Tarom, Zanjan, Iran. To obtain uniform material for phenolic extraction, all the leaf samples were obtained from one cultivar and dried at the room temperature in the dark.
Chemical materials
Folin-Ciocalteu's phenol reagent, gallic acid, 2, 2-dipheynl-1-picrylhydrazy (DPPHsc), methanol, acetonitrile, acetic acid, and quercetin were purchased from Sigma (St. Louis, MO, USA). Water was purified by using a Milli-Q system (Millipore Lab, Bedford, MA, USA).
Preparation of leaf extracts
Dried leaf material was ground to a fine powder. Then, 300 mg of the leaf samples were placed in separate vials with different ethanol to water ratio (25-75%) and treated in different ultrasonic temperatures (35-65°C) for 5-15 min. Data were taken using an ultrasonic water bath (750 W, 50/60 Hz, E 120 H Elmasonic) supplied by Elma (Singem, Germany). The extracts were filtered (HPLC 0.45 lm porosity) into clean vials and stored in well-closed vials at 4°C in the dark before measuring the parameters (Fattahi and Rahimi 2016).
Measurement of TPC
Total phenol content (TPC) of the extracts were determined colorimetrically, following Slinkard and Singleton (1977) using Folin-Ciocalteu reagent with some modifications. Ten ll of the extracts with 600 ll of Folin-Ciocalteu reagent (10%) was mixed with 90 ll of distilled water and kept for 10 min. Then, 480 ll of sodium carbonate was added to the solution and stored in the dark for 2 h. The absorbance of the solution was determined colorimetrically at the wavelength of 765 nm using UV-2100 spectrophotometer (UNICO, China). Gallic acid (GAE) was used as standard phenol and the results were expressed as mg gallic acid equivalents per g dry matter basis.
Measurement of TFC
Total flavonoid content (TFC) was determined by a colorimetric assay (Shin et al. 2007) . 30 ll of above-mentioned extracts was added to a 15-ml tube containing 2 ml of deionized water. 150 ll of 5% sodium nitrite was added and the mixture was stored at room temperature for 5 min. Then, 300 ll of 10% aluminum chloride (AlCl 3 . 6 H 2 O) was added. The solution was kept for 6 min, and then 1 ml of 1 mol. l -1 sodium hydroxide was added. Final volume of mixture was reached to 5 ml by adding distilled water. The absorbance of the mixture was measured immediately at 380 nm. The results were expressed as quercetin equivalents using a standard curve prepared from pure quercetin.
Antioxidants assay
DPPH scavenging assay
Free radical scavenging activity (DPPHsc) of the extracts was measured according to the method described by Nakajima et al. (2004) with some modifications reported by (Chiou et al. 2007) . Five microliters of the extracts were added to 950 ll of 6 9 10 -5 mol. l -1 (free radical, 95%) in methanol. The mixtures were shaken and were stored at room temperature for 30 min. Then, the absorbance was measured at 517 nm using a UV-VIS spectrophotometer. The percent of reduction of DPPH was calculated by using the following formula: DPPHsc% ¼ ðAbs controlÞ t¼30 min À ðAbs sampleÞ t¼30 min ðAbs controlÞ t¼30 min
Abs sample indicates the absorbance at 517 nm of the DPPHsc in the presence of the sample and Abs control shows the absorbance of DPPHsc solution in methanol without extracts.
FRAP assay
Antioxidant activity of the extracts was also measured by using the ferric reducing ability of plasma (FRAP) assay described by Benzie and Strain (1996) tripyridyltriazine compound which increases absorbance at 593 nm. The FRAP reagent was prepared by mixing acetate buffer (300 mmol/l), 2, 4, 6-tripyridyl-S-triazine (TPTZ) (10 mmol/l), and FeCl 3 .6H 2 O (20 mmol/l) (10:1:1). Freshly prepared reagent (3 ml) was placed in the test tubes and incubated at 37°C (T 0 ). 300 ll of sample (285 ll of reagent and 15 ll of plant extraction) and 500 ll of deionized water were added to each test tube. After mixing thoroughly, the samples were incubated at 37°C for 4 min, and then absorbance was measured at 593 nm. The change in absorbance between T 0 and after 4-min condition was used to calculate FRAP values. Linear calibration curves were established by six assays of FeSO 4-7H 2 O. Then, a regression equation was calculated according to y = ax ? b, where y and x represent the absorbance at 593 nm and concentration, respectively. The results were expressed as lmol Fe ?2 /g dry weight.
RSM Ultrasonic temperature (X 1 ), Ultrasonic time (X 2 ), and ethanol to water ratio (X 3 ) were regarded as independent variables. A Box-Behnken design (BBD) with three center points was used to investigate the effects of independent variables on six dependent responses (TPC, TFC, DPPHsc %, FRAP). Three levels of the independent variables were transformed into three codes (-1, 0, 1), with a complete design consisting of 15 experimental runs with three replications of the center points (all factors at level 0) ( Table 1) . STATISTICA release 8.0 was used to carry out analysis of variance and drawing of surface plots.
The quadratic polynomial models were fit to the predicted responses and obtained regression coefficients with changing factors including ultrasonic temperature (35-65°C), ultrasonic time (5-15 min), and ethanol to water ratio (25-75%) in the extracted samples. The generalized second-order polynomial model used in the response surface analysis is illustrated in Eq. (2): Table 1 The BBD matrix and the RSM's experimental data for the responses, independent data; X 1 (Ultrasonic temperature (°C)), X 2 (Ultrasonic time (min.)), and X 3 (Ethanol-to-water (%)) and the responses are TPC (total phenol content), TFC (total flavonoid content), antioxidant (DPPHsc (%)), antioxidant (RRAP) 
Yn indicates the responses function of the independent variables (X 1 -X 3 ), b 0 represents constant coefficient, b 1 , b 2, and b 3 show the linear coefficients; b 11 , b 22, and b 33 represent the quadratic coefficients; and b 12 , b 13 and b 23 illustrate the cross-coefficients. The analysis of ANOVA was carried out to evaluate the accuracy of the estimated coefficient using the F-test at 1 and 5%, indicating coefficient R 2 .
ESI-MS and HPLC-DAD conditions
A Shimadzu LCMS-2010 System equipped with an SPD-M10A vp diode array detection (DAD) detector and an LC-10AD binary pump coupled on line with an MS-2010 mass spectrometer was used in the present study (Shimadzu, Kyoto, Japan). The analysis was carried out using negative and positive ion modes with spectra acquired within the range of m/z 100-950. Electrospray ionization (ESI-MS) was performed at a fragmentation voltage of 215 V (positive) and-175 V (negative). Drying gas temperature and drying gas (N 2 ) flow were 190°C and 9.0L/min, respectively. Capillary voltages were 3.5 kV (negative) and 4 kV (positive). Calibration was performed with internal reference masses of m/z 112.9855 (purine) and m/z 980.0164 (HP-0921) in the negative mode, and m/ z 121.050873 (purine) and m/z 922.009798 (HP-0921) in the positive mode. Chromatographic separation was performed on a C18 column (4.6 9 150 mm, 5 lm), the mobile phase conducted for 62 min, consisting of acidified water A (0.5% acetic acid, v/v) and acetonitrile B, respectively. The gradient was programmed as follows: 0 min, 0% B; 20 min, 20% B; 30 min, 30% B; 40 min, 50% B; 50 min, 75% B; 60 min, 100% B; 62 min 0% B. The flow from the HPLC system into the ESI-MS detector was 0.2 mL/min. The injection volume was 10 lL and the column temperature was set at 25°C. The DAD was set at 243 nm to provide real time chromatograms and UV spectra from 200 to 390 nm were recorded for plant component identification. UV and MS data were acquired and processed using Shimadzu LCMS Solution Software.
Results and discussion
In recent decades, olive leaves have been considered as important sources of phenolic antioxidants (García-Villalba et al. 2014 ). Hence, it seems necessary to develop a simple, rapid, fast, and accurate method for extraction of oil components including phenolics and antioxidants. To this end, a Box-Behnken design (BBD) with three center points was employed to discover an efficient ultrasound-assisted extraction method from olive leaf samples. Since ethanol and water are the two most common safe solvents in the food industrial process, they were selected as extraction solvents (Khiari et al. 2009 ). Table 1 illustrates the experimental design, recorded values for the experiment, and the levels of the independent variables (X 1 -X 3 ) based on BBD and RSM.
Fitting the RSM models
The regression models (R 2 and R 2 -adj) for all of the responses (TPC, TFC and DPPHsc %, FRAP) with satisfactory coefficients of multiple determinations (R 2 and R 2 -adj [0.92 and 0.78) suggests the fitness of the RSM used in this study (Supplementary material 1) . A good fit was obtained when there was a high R 2 , indicating that a great variation shared among samples can be attributed to the factors selected for the model (Puértolas et al. 2011) . The calculated regression coefficients of intercept, linear, and quadratic models and interactions of the models based on least square method of analysis of variance (ANOVA) are summarized in supplementary material 1. The coefficients of responses' P-values indicated that all of linear terms of TPC, TFC, and DPPHsc % and X 1 and X 2 in the case of FRAP were highly significant (p \ 0.05). Interaction effects of the independent variables (except X 1 X 2 in the case of TPC, TFC and DPPHsc %) were also shown to be highly significant. Quadratic term of X 3 X 3 was not shown to be significant (p [ 0.05) for DPPHsc % contrary to the other responses which were shown to be statistically significant (p \ 0.05). The significant of other responses are illustrated in supplementary material 1. For all the terms in the models, a lower p value suggests a higher significant effect on the respective response variables.
The RSM models based on the experimental data for each of the responses are presented based on the following equations: 
Y indicates the predicting responses and X 1 , X 2, and X 3 represent ultrasonic temperature, ultrasonic time, and ethanol to water ratio %, respectively.
Effects of extraction conditions on TPC based on RSM Figure 1a -c shows that ultrasonic extraction time plays a determining role in achieving higher extraction yield with an optimum value of 12 min. The surface plots' shapes indicate the nature and the extent of different factors' interactions (Prakash et al. 2008 ). Ultrasound and the increased effect of vibrating homogenization and cavitation may accelerate the dissolution of TPC (Abbas et al. 2013 ). In the case of interaction between the ratio of the ultrasonic time (X 2 ) and ethanol-to-water, extraction efficiency for TPC was initially enhanced by increasing the ratio of ethanol-to-water, but it consequently went down. In the optimum ratio of ethanol to water (*60%) cell pores can be increased because of suitable tumescence of leaves (Fattahi and Rahimi 2016) . Since polyphenols have varied rates of solubility, a mixture of ethanol and water may be more effective than any single solvents to achieve a better extraction procedure (Ilaiyaraja et al. 2015) .
Effects of extraction conditions on TFC based on RSM
TFC of olive leaves was influenced by X 1 -X 3 (Supplementary material 1) and similar results with TPC were obtained. The data for three-dimensional surface plots for TFC based on interaction between factors are shown in Fig. 1d-f . The rate of extraction recovery was increased at higher temperatures (65-70°C) and sonication times [10 min. The corresponding values under optimal conditions of time and temperature were 730-740 (mg Quercetin/g -1 DW). Time and temperature are depending on to each other in ultrasonic assist extractions. Temperature plays an important role in extraction process by affecting the softening rate of tissues, increasing solubility and diffusion coefficient of the substances (Shi et al. 2003) . Extraction time is another important factor. Shortening of extraction time with higher amounts of compounds is economical for industrial aims (Chemat et al. 2017) . Based on Fig. 1d-f , Ethanol to water ratio was the other influential factor in the recovery of TFC. Higher total flavonoid (*600 mg Quercetin/g -1 DW) achieved by increasing the ethanol to water ratio until 60% and then was decreased.
Slightly polar ethanol in a mixture with more polar water effectively can extract flavonoids and their glycosides over a limited compositional range (Radojkovića et al. 2012) . Temperatures between 40 to 55°C have been previously reported by other researchers to be suitable during extraction of flavonoids (Liyana-Pathirana and Shahidi 2005; Silva et al. 2007 ). In the case of ultrasonic assisted extraction, some authors have reported a beneficial effect of temperature rise from 20 to 70°C compared to nonsonicated extractions (Chemat et al. 2017) . It seems that shortening of time in ultrasonic assisted extraction compared to non-sonicated extraction methods allows temperature enhancement (65-70°C) before the destruction of phenolic compounds.
Effect of extraction conditions on total antioxidant capacity
DPPH scavenging assay
Antioxidant assay (2, 2-Diphenyl-1-picrylhydrazyl scavenging assay (DPPHsc)) based on the interaction between the independent variables lent support to the effective role of temperature and time (Fig. 2a-c) . Maximum Free radical scavenging ability was obtained at the higher temperatures (65-70°C) with the higher extraction durations (14-16 min). Under optimum conditions, the DPPHsc ability reached to 95%. Lower DPPH scavenging value in the increased extraction time and temperature may be attributed to the thermal degradation of other antioxidants at a high temperature (Prommuak et al. 2008 ). Higher efficiency of DPPHsc assay at the higher concentration of ethanol to water indicates that ethanol is an effective solvent in the short time periods. The findings suggest that water needs more time than ethanol to extract the components. In food industries, extraction of antioxidants is of paramount importance (Chiou et al. 2007; Khiari et al. 2009 ). Acting as free radical scavengers, antioxidants bind with free radicals and protect the cells from many diseases (Valko et al. 2007) . Antioxidants may exert influence on biological systems through a number of mechanisms including electron donation, co-antioxidants, or gene expression regulation (Lobo et al. 2010 ). Flavonoids are the major active nutraceutical ingredients in plants which are responsible for antioxidant activity. As the typical for the phenolic compounds, they can act as potent antioxidants and metal chelators (Lobo et al. 2010) .
FRAP
The results relevant to the three-dimensional surface plots for FRAP in the interaction of X 1 to X 3 are illustrated in Fig. 2d-f . First, the extraction recovery rate was increased J Food Sci Technol (July 2017) 54 (8):2361-2371 2365 by enhancing the Et: W%, but it was subsequently decreased. The highest FRAP was observed at middle temperatures ranging between 50 to 52°C. Additionally, the higher amounts of FRAP were obtained in the higher ranges of sonication temperature and time. Under optimal conditions (time [14 and temperature 65), the FRAP amount was reached to 2050 lmol Fe ?2 /g DW. In the present study, DPPHsc results were highly correlated to polyphenols than those of FRAP, indicating that DPPH scavenging assay is more effective than FRAP method. The action of TP, TF, and others constituents (chlorophyll, enzymes) may be responsible for the extracts' observed antioxidant activity. Therefore, the extract's antioxidant activity highly varies according to the plant material (Meziant et al. 2014 ).
Simultaneous optimization of variables for responses
In order to obtain an extraction condition for phenolic antioxidant, simultaneous optimization of four responses, namely, TPC, TFC, DPPHsc %, and FRAP was carried out based on the desirability values. Optimal extraction parameters for obtaining simultaneous highest responses were 51% ethanol; at 65°C for 15 min. Under optimum conditions, the corresponding desirability values were more than 0.92. In addition, under optimum conditions TPC, TFC, DPPHsc %, and FRAP were 183.4 (mg GAE. g -1 DW), 696.77 (mg Quercetin/g -1 DW), 78.98 (DPPHsc %), and 1942 (FRAP lmol Fe ?2 /g DW), respectively. In Figs. 3a-c surface plots for desirability (all responses) based on the interaction between the variables X 1 to X 3 are shown in response surface plots. The interaction effect of X 1 and X 2 on desirability amount, when the X 3 was kept at middle range, demonstrates that the desirability values were highest when X 1 and X 2 were 14 min and 6°C in the ultrasonic set. Additionally, the high desirability value was reported in 55% (v/v) of ethanol-to-water ratio. The highest desirability values were found in the mid-range of ethanol concentrations in the interaction of X 2 X 3 . In the present study at higher ratios of ethanol-to-water, the amount of chlorophyll and carotenoid increased (data not shown), and consequently, solvent capacity was occupied partially by chlorophyll instead of phenolic compounds. Fig. 1 The surface describing the effect of the three independent variables on response variables; TPC based on the interaction between variables X 1 to X 3 (a-c), TFC based on interaction between variables X 1 to X 3 (d-f), independent variables; X 1 (Ultrasonic temperature (°C)), X 2 (Ultrasonic time (min.)), and X 3 (Ethanol to water (%)) Different polarities of ethanol and water lead to the extraction of different amounts of chlorophyll (Macías-Sánchez et al. 2009 ). Ethanol is a molecule with both a polar and a non-polar end. Thus, enhancing the ratio of ethanol-to-water in the extract results in the decrease of the less polar compounds like chlorophyll due to readable solubility (Fattahi and Rahimi 2016) .
Accuracy of RSM models
In order to evaluate the accuracy of the model's predictions, the R 2 values are reported. Accordingly, the R 2 values were recorded between experimental data and the data obtained from RSM models. High R 2 values of models ([0.92) indicate a satisfactory model fit for the relationship between RSM models with the experimental data. 
Identification of optimized extract by LC-DAD-ESI-MS
Compound's name, mass patterns in negative and positive ESI mode, UV spectrum, and possible molecular formula are presented in Table 2 . In both ESI modes, two replications were injected and similar compounds were identified with the same mass in the range of m/z 100-970. Samples were more sensitively detected in negative as opposed to the positive ion mode. As shown in Table 2 and Fig. 4 acid, 4-Syringin, hydroxyferulic acid hexoside, and ligstroside. Other compounds' characteristics and detailed information are described in Table 2 . Oleuropein as the main compound has several pharmacological properties including antioxidant, anti-inflammatory, anti-atherogenic, anti-cancer, antimicrobial, antiviral, cardioprotective, antiischemic, and hypolipidemic (Omar 2010) . Therefore, oleuropein and its derivatives in the optimized extract is highly recommended for pharmacological and nutraceutical purposes.
Conclusion
The present study investigated the impact of extraction conditions on TPC, TFC, and antioxidant assay on olive leaves through RSM. The findings demonstrated that in the ultrasonic-assisted method, extraction time was dramatically decreased in comparison with other extraction methods. Extraction at high temperature (i.e., 65°C) was deemed to be an effective factor in decreasing the extraction time. The confirmatory experimental optimum ?2 /g DW), respectively. The higher R 2 values suggest that models could efficiently predict the responses' yield. In addition, ESI-DAD-MS analysis identified 27 compounds with a higher rate of oleuropein and its derivatives.
